We describe a continuous-flow, automated determination of total cholesterol in serum, which is based on enzymatic hydrolysis of cholesterol esters, oxidation of cholesterol by cholesterol oxidase, and colorimetric measurement of liberated peroxide with 4-aminoantipyrine, phenol, and peroxidase. Free cholesterol is determined with the same AutoAnalyzer II manifold and reagents, except that cholesterol esterase is omitted from the reagent. Cholesterol-in-serum materials that have been assayed by an established method are used for calibration. We found this approach to be necessary because primary cholesterol standards in organic solvents are incompatible with the aqueous reagent. Results of the enzymatic total cholesterol method correlated well with those by an AutoAnalyzer II method which involves an extraction with isopropanol and the Liebermann-Btrchard color reaction (total cholesterol, g/liter, y,,, = 0991 XL.B + 0.05; r = 0.996). Results of the enzymatic free cholesterol procedure agreed satisfactorily with one in which free cholesterol Is precipitated as the digitonide and subsequently analyzed colorlmetrically with the Llebermann-Burchard reaction ( 
Yenz = O.982XdIg
-0.7; r = 0.956).
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Following the report by Richmond (1) on the preparation and analytical usefulness of cholesterol oxidase for the enzymatic determination of serum cholesterol, several adaptions of this principle to various instruments have appeared. Allain et al. (2) added enzymatic hydrolysis of cholesterol esters, and adapted the reaction sequence to the Abbott ABA-100. This method was further evaluated for specificity and accuracy by Witte et a!. (3) . Papastathopoulos and Rechnitz (4) described a continuous-flow procedure in which an ion-selective electrode is used to monitor the molybdenum-catalyzed peroxide/iodide reaction. A manual fluorometric method for total cholesterol was reported by Huang et al. (5) , in which homovanillic acid is oxidized to a fluorophore in the presence of peroxide and peroxidase. Fruchart et al. (6) described a continuous-flow fluorometric method in which formaldehyde from the reaction of peroxide, methanol, and catalase is measured as the lutidine derivative. The centrifugal analyzer was used by Wentz et al. (7) to determine total cholesterol enzymatically, in which a second blank run corrects for sample background absorbance.
In this report we describe an adaptation of the enzymatic method to the widely-available, continuousflow system, the AutoAnalyzer II. The chemistry of the reaction sequence in which the peroxide formed is measured with the peroxidase/phenol/4-aminoantipyrine reagent of Trinder (8) has been previously discussed (2, 3, 7) . In addition to the measurement of total serum cholesterol, we present evidence that free cholesterol can be determined by simply omitting cholesterol esterase from the reagent. The ready availability of free cholesterol measurements by automated enzymatic assay may stimulate the reinstitution of this procedure for clinical evaluation of selected hepatic and other metabolic disorders. 
Materials and Methods

Reagents and Standards
Procedure
Adjust the reagent baseline to zero on the recorder chart paper with all reagents pumped through their respective lines and water through the sample line. Samp'e reference sera for calibration, serum samples, and controls in sequence.
With the Standard Calibration control on the colorimeter set to 1.0 (no expansion), a 5.0 g/liter total cholesterol sample will record at about one-half full scale. Adjust the control so that the SMA Reference Serum (2.12 g/liter) reaches about 40% of full scale on the recorder. 
Results
Recording Figure 2 illustrates a typical recording of the AutoAnalyzer II enzymatic total cholesterol method with calibrator, control, continuous sampling, dilutions of a high cholesterol serum sample, high-to-low interaction characteristics, and a group of patient serum samples. The reagent baseline was allowed to record following the setting of the recorder chart at zero with a water baseline
Linearity
The linearity of the method is noted in Figure 3 , in which absorbance is plotted vs. aqueous dilutions of a . This would represent the useful concentration range of the procedure, and higher serum concentrations should be diluted into this range.
Precision
Day-to-day precision of the automated total cholesterol method was determined by daily analyses of three commercial lyophilized control sera. Table 1 gives a statistical summary of the results, and indicates an acceptable coefficient of variation, about 3%.
Comparison Studies
We compared the enzymatic method for serum total cholesterol with the Liebermann-Burchard/extract continuous-flow method (9) on 142 patient samples covering a wide range of cholesterol concentrations.
The results are shown graphically in Figure 4 , and indicate good agreement between the methods.
Several reducing compounds
and other potential interferences were added in abnormal concentrations to a control serum of normal cholesterol concentration. The percentage differences from the unadulterated material are noted in Table 2 , and are within the overall precision of the method.
Additional comparison studies were performed with selected groups of patients' serum samples that had abnormal concentrations of bilirubin, creatinine, uric acid, glucose, or triglycerides. As above, the enzymatic total cholesterol method (y) was compared with the other continuous-flow (9) (e) For 53 samples with triglyceride vakies from 2.34 to 28.8 g/liter: 57= 3.12; = 3.O8;y = 0.97x + 0.14; r = 0.991.
Although the group sample sizes were small, and there were presumably other abnormal constituent concentrations than those noted, the results indicate an acceptable agreement between the methods for these extraordinary specimens.
Free Cholesterol Measurements
The automated enzymatic determination was compared on 46 serum samples with a modification of the digitonin precipitation technique described by Sperry and Webb (10) . In our modification, the digitonin/ cholesterol precipitate, which is dissolved in glacial acetic acid, was analyzed by the other continuous-flow method (9) . Cholesterol standards in glacial acetic acid were substituted for the usual isopropanol standards. The results (Table 3) This report describes a simple, automated, singlereagent determination for total and free serum cholesterol, which incorporates the intrinsic specificity of enzymatic reagents. The sensitivity of the colorimetric indicator system permits the use of a high-dilution manifold (about 150-fold), which minimizes the contribution of serum background absorbance. Although we have not found the use of a blank run necessary (all method comparisons were performed without blank correction), serum absorbance blanks could easily be determined by substitution of a saline diluent for the enzyme reagent. Because of the relative expense of the enzymatic reagents, the large dilution was accomplished by incorporation of an automatic pre-dilution step followed by reagent addition to a re-sampled aliquot. No additional wetting agent was added to the enzyme! chromogen reagent, because we found that the sodium cholate incorporated in the mixture sufficiently lowered surface tension for good bubble patterns.
We show that the same AutoAnalyzer H manifold, by omission of cholesterol esterase from the reagent, can be used for free cholesterol determinations.
This approach avoids the lengthy manual techniques for free cholesterol isolation and chemical analysis. It has been known for some time that the ratio of esterified to free serum cholesterol is frequently decreased in patients with hepatobiliary disorders (11) . Clinical investigations in this area should be facilitated by a rapid and reliable method for assessing changes in serum free cholesterol.
